Introduction
Nowadays, embedded system technology has strongly developed so design plays an important role in the embedded system development. A few of researches have improved UML 2.0 to support on designing embedded system [5, 6, 8, 9] . However, UML 2.0 has the following limitations:
 Each research group develops a concrete UML 2.0 profile. There is not still a common standard of UML for embedded system  UML tools store model file in the different formats so it is not portable among these UML tools  There is not a common standard for generating code from model. Each UML tool has a concrete code generation method  UML is a multi-purpose language so it does not completely specify detail information of embedded systems. To solve this problem, we propose the approach in which DSL and T4 are used to design models of the embedded system and automatically generate code from models. In the recently years, because of the application of XML for storing model file and meta-model file, DSL and T4 have developed widely. T4 code generation technology based on XML allows strongly generating code. Generated codes can be formatted by the different languages. DSL and T4 are prospect trend and they are deployed in many fields [10, 11] . Fig. 1 shows the comparison on the software development cost between the conventional methodology and the DSL-based methodology. In this research, we will define three DSLs to design the architectural model, the component model and the flow chart. Then we will build the framework which contains these defined DSLs. And we will also integrate T4 templates to the framework to automatically generate parameters and code from the models. The rest sections of this paper are arranged as follows: Section 2 -Defining DSLs and developing framework which is used to design models of embedded system; Section 3 -We present an experiment; Section 4 -Conclusion and future work.
Defining DSLs and developing the framework
In this paper, we firstly define a DSL to design the architectural model of embedded system. From the architectural model, we use T4 to automatically generate parameters which are used to do multi-objective optimization for embedded systems on the other research of ours. After that, to show more detail of the system architecture, we divide the system into components. These components might belong to software or hardware. We define the second DSL and build the meta-model for designing the component model of the system. Based on the component model, we will do optimization of embedded systems based on partitioning hardware -software. Finally, we define the third DSL and build meta-model to design flow chart of each component. The code of software components of the embedded system can be automatically generated by any languages. The definition of DSL for designing hardware of embedded systems will be deployed in the further researches.
Defining a DSL and building the meta-model for designing architectural models
There are some types of embedded system architecture but the basic architecture of the embedded system is described in Fig. 2 . An embedded system normally includes CPU, RAM, ROM, instruction cache, data cache, input ports and output ports [1] [2] [3] [4] . The components of the system communicate through the Bus system which includes the system Bus and the local Bus.
Based on the basic architecture of embedded system, we define a DSL and build the correspondence metamodel as following steps:
 Defining logical classes: to express meaning of the logical elements and their relationships as in 
Defining a DSL and building meta-model to design the component model and the flow chart
In this section, the first we aim to define and develop a DSL for designing the component model of embedded system. The component model is also used to express the architectural aspect of the embedded system [3] . We do the same steps in the section 2.1 to define elements of DSL and build the correspondence meta-model.
To express dynamic aspect of the component, we developed the DSL to design the flow chart of a component. Based on the flow chart, the code of the embedded system can be automatically generated by T4 on any languages. We also completely defined the DSL and built the meta-model of the flow chart.
Applying T4 to generate code from model
In Visual Studio, a T4 text template is a mixture of text blocks and control logic that can generate a text file. The control logic is written as fragments of program code in Visual C# or Visual Basic.NET. T4 is used by developers as part of a framework to automate the creation of text files with a variety of parameters. These text files can ultimately be any text format, such as C# code, Java code, XML, HTML or XAML [7] . In this paper, we apply T4 to automatically generate code and parameters from three kinds of DSL model which are defined and developed by us. The experiment of design and generation will be presented in the next section. As mentioned in the previous sections, we have defined three DSL and completely built DSL framework to design embedded system. In this experiment, we will design and generate code for an embedded system. Here the embedded system is Telegraph which is used to connect a printer to a network. This embedded system includes functions as follows: receive data from network; copy data to serial port of printer; sort unordered data packets and provide a clean data stream to printer; feed printer one print job at a time and hold off all other computers; respond rapidly to certain events; keep trace of time. In the next section, we will present steps to design and generate code for this system.
Experiment

Designing architecture mode and automatically extracting information
In the previous section, we have defined a DSL, built meta-model and created a tool which is used to design architecture model of embedded system. Using our tool, designers can design the architecture of embedded system and automatically generate configuration information of embedded system from the architectural model. This information including type of components, minimal value and maximal value is used to do Pareto optimization and choose the best configuration. Fig. 4 shows graphical interface of the tool and the architectural model which is designed based on this tool.
To automatically calculate parameters from architectural model, we built T4 template and integrated it to this DSL framework. Fig. 5 shows the information that is automatically generated from model by T4. Parameters are calculated based on this information.
Designing the component model and generating code from the model
After designing the architecture of embedded system in the previous section, designers can use our framework to design the component mode of embedded systems. Fig. 6 shows the toolbox of this framework and the designed component model of Telegraph embedded system. And the generated code is shown in Fig.  7 .
Designing detail of a software component and generating code
After designing the component model, designers can design more detail of each component by the flow chart. In Fig. 8 , we use the developed framework to design the flow chart of the SortDataPackets component in the Telegraph embedded system. Fig. 9 shows the generated C code.
Conclusion and future work
In summary, in this paper we proposed and developed a new approach to design embedded system and generate code from the models of embedded system. Theoretically, we define three Domain Specific Languages which are used to design the architecture, the component model and the flow chart of embedded systems. This is the prospect trend in the embedded system development. Conclusions to the experiment, we completely built the framework which includes three DSLs and the integrated T4 templates used to generate code.
Based on this research, we will do further researches for design and optimization of embedded system such as developing DSL to design hardware components, do multi-objective optimization of embedded system to select the best configuration of the system architecture and optimize embedded system at model level based on partitioning hardware -software. 
